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Abstract 
Monitoring technique for detection of early damage in the wind turbine blade has been investigated using PVDF film 
sensor and strain gages. The trailing edge component with shear web was prepared by sectioning the full-scale blade 
with a box spa. Several PVDF film sensors with dimension of 10x10x0.054 mm3 and strain gages were installed on 
shear web and skin of the component and the behaviour of these sensors were examined under opening and closing 
loads. From the test, optimal location for detecting the occurrence of damage with static loading was investigated and 
sensitivity of the PVDF sensors location to the damage was examined. With increasing the applied load, several pop-
ins happened up to final failure. The outputs of the PVDF film sensors under quasi-static loads showed the relatively 
insignificant magnitude and peaks corresponding to pop-ins. So, it is found that PVDF film sensors mounted on the 
trailing edge component give an early response remarkably to the damage occurrence irrespective to the closing and 
opening loads. Therefore, it can be said the PVDF film sensors may be significantly useful in detecting the instance 
of damage occurrence in the trailing edge component. Further, it can be recommended that the relatively good 
location of the PVDF sensor to detect the damage in the trailing edge component be the locations free to the 
geometrical constraint, like the center of spar web and the blade skin remote from the joint between the spa cap and 
the shear web. 
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1. Introduction 
Reliability of wind turbine system becomes an essential factor to be considered for efficient 
management of wind energy, and, especially for the wind turbine system to be larger and to be placed at 
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more remote location (like offshore), the reliability issue becomes more important. In order to enhance the 
reliability and reduce failure possibility in wind turbine system, several damage detection techniques, such 
as acoustic emission technique, optical fiber technique and impedance-based technique, may be paid 
attensions.[1] Actually, these techniques had been actively researched in the aerospace and civil structures 
for assessment of their own integrity and reducing maintenance cost.[2-4]
 In this study, PVDF(polyvinyldiene fluoride) film sensor was applied to damage detection for the 
wind turbine blade component. PVDF film is one of the piezoelectric polymers and was widely used in 
practical application of sensors such as ultrasonic transducer and acoustic emission sensor. In addition, the 
PVDF sensor was used as strain sensor in monitoring damage development in relatively complicated 
composite structures. Thus, in this study, the feasibility of the practical application of the PVDF film 
sensor to detect the damage extension in the trailing edge component of the blade was investigated by 
taking into account the characteristics and sensitivity of the film sensor under static loads.  
  
2. Experimental Programme 
Figure 1 shows a typical trailing edge component used in this study. The component was prepared by 
sectioning the wind turbine blade with a box spar. The blade was manufactured with GFRP (Glass-fibre 
reinforced plastic), and balsa wood core material was employed in the spar shear web and suction and 
pressure side skin of the blade. The component sectioned was 350 mm long to the tailing edge tip and 100
mm wide, and the height of the spar web was 140 mm.
In order to simulate the occurrence of damage in the blade under static load, application of statically- 
opening and closing loads to the component was experimentally designed. The closing and opening loads 
can be introduced by pushing and pulling the grips attached at the two ends of the component (position 1 
of Fig. 1), respectively. The opening and closing in the component (actually at the position 1 in Fig. 1(a)) 
were controlled by testing system (MTS, FlexTestIIm) with a constant stroke of 1 mm/min. Several 
PVDF film sensors and strain gages were mounted on the skin and spar web to monitoring structural 
response with loading. 6 strain gages (120 ohms, gage length of 5 mm) and 6 ~ 11 PVDF film sensors 
were employed in the respective components. PVDF film sensors, of which top and bottom surface layers 
were doped with silver, (Measurement Specialities) were prepared with dimension of 10 Ő10 mm2
Ő54țm. Output of PVDF film sensors and strain gages were measured with DAQ system (MM, System 
7000), and these signal were simultaneously acquired to synchronize with load and stroke signal in the 
components.  
(a)                                               (b) 
Fig. 1. (a)Trailing edge component ; (b) a typical example of PVDF sensors and straingages mounted on the spar web 
3306  aY-H Huh et al. / Procedia Engineering 10 (2011) 3304–3309
3. Results and Discussion 
3.1. Occurrence of Damage 
 With statically applying closing or opening loads to the trailing edge component, damages were 
generated at the joint area between spar shear web and spar cap, as shown in Fig. 2. During opening 
loading for the trailing edge component, four remarkable pop-ins (load-drops) were seen in force-stroke 
curve, and these pop-ins occurred subsequently with increasing opening stroke were corresponded to 
development of damage, as shown in Fig. 2(a). The load drop resulting from a pop-in at a critical opening 
level was recovered with subsequent opening and the damage was kept until the next pop-in happened. 
With the pop-in, the damage was extended by an appropriate size to resist against the opening. These 
increasing opening loads resulted in subsequent pop-ins, and, finally, great load-drop led to the functional 
catastrophic failure in the component. The initiation and development of damage remarkably shown in the 
trailing edge component with increasing opening load could be found in the component to which the 
closing load applied. As shown in Fig. 2(b), two clear pop-ins were found in the force-stroke curve and 
the development of the damage corresponding to the load drop could be clearly seen.  
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Fig. 2. Force- stroke curve and damage appearance (a) under opening load; (b) under closing load 
3.2. Response of PVDF film sensors and SGs to the damage occurrence 
As shown in Fig.2, the damage in the trailing edge components was initiated and developed with 
increasing opening or closing loads. In this study, PVDF film sensor was used to detect the occurrence of 
damage in the component by monitor the strain variation in the sensor. The response of the PVDF film 
sensors mounted on the trailing edge component under opening loads is shown in Fig. 3(a). Three PVDF 
film sensors were placed evenly along the surface of spar shear web and three sensors were attached on 
the skin of the suction and pressure side of the blade component. Outputs from the PVDF film sensors 
showed relatively insignificant variation in magnitude, but great peaks in magnitude could be sensed at 
the instance the pop-ins occurred. Similar to the response of the PVDF sensors under opening loads, as 
shown in Fig. 3(b), the outputs of the PVDF film sensors under closing loads also showed the relatively 
insignificant magnitude and peaks corresponding to pop-ins. So, it is found that PVDF film sensors 
mounted on the trailing edge component give an early response remarkably to the damage occurrence 
aY-H Huh et al. / Procedia Engineering 10 (2011) 3304–3309 3307
irrespective to the closing and opening loads. Therefore, it can be said the PVDF film sensors may be 
significantly useful in detecting the instance of damage occurrence in the trailing edge component.   
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Fig. 3. Response of PVDF film sensors for trailing edge component under (a) opening loading; (b) closing loading 
 The outputs of PVDG film sensors were compared with the strain values from strain gages positioned 
on either side of the PVDF film sensors. For the trailing edge component loaded in opening mode, three 
locations were selected: center of spar web(SG1&SG2, PVDF7), spar cap skin in suction side (SG3&SG4, 
PVDF9), and pressure side (SG5&SG6, PVDF11). As shown in Fig. 4(a), the strain values provided from 
the strain gages varied in accord with the local stress variation on the component, and showed a linear and 
non-linear increase with increasing stroke. On the contrary, variation of the output of the PVDF sensors 
coincided relatively well with the strain variation, but the magnitude of the outputs looked to be relatively 
low, as previously pointed out.  This may be caused by the rate dependency of the PVDF sensors revealed 
in Refs. [2,5]. For the component loaded in closing mode, variation of the strain values by strain gages 
positioned on the either side of PVDF sensors along the spar web is found to be in accordance with that of 
the out of PVDG sensors.         
3.3. Sensitivity of PVDF sensors 
The output of PVDF film sensors in the trailing edge component under loading showed a spike-like 
response at the instance corresponding to pop-in occurrence, as shown in Fig. 3. Fig. 5 (a) presents a 
typical profile of the output. The output increased at a great rate immediately when the damage was 
generated and immediately the signal turned back to the normal level displayed just before the damage 
occurred. As represented in Fig. 5(a), the settling time to the normal value seemed to be identical 
irrespective to the location of the PVDF sensors, but the peak values of the outputs had a dependency of 
the location of the sensors.  Fig. 5(b) represents the variation of the outputs of the respective PVDF 
sensors with sequence of the pop-ins. The polarity of the peak values of the sensors was inconsistent with 
the normal signal polarity. For example, the peak value of the PVDF7 was negative at first pop-in, but it 
turned to the positive values at the next pop-ins. This behavior could be found in other sensors.  
As shown in Fig. 5(b), the peak values of the sensors presented a dependency of the sensor location. In 
this component showing in Fig. 5, the damage occurred at the location near to the location PVDF9. It was 
found that the sensor 9 and 11 were relatively insensitive to the occurrence of damage while the sensor 7, 
12 and 13 showed a relatively good response. So, it can be recommended that the relatively good location 
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of the PVDF sensor to detect the damage which can occur around near the joint be the locations free to 
the geometrical constraint, like the center of spar web and the blade skin remote from the joint between 
the spa cap and the shear web.  These behaviors could be found in the trailing edge component loaded in 
closing mode.  
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(a)                                                            (b) 
Fig. 4. Comparison of strain and PVDF outputs measured along the spar shear web under (a) opening loads; (b) closing loads 
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Fig. 5. Details of the output of PVDF sensors . (a) Profile of the output peak; (b) Variation of peak values with sequence of pop-in 
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4. Summary and Conclusions 
Characteristics of PVDF film sensor were investigated for detection of early damage in the wind 
turbine blade. The PVDF film sensors and strain gages were installed on the shear web and skin of the 
trailing edge components with a shear web which were prepared by sectioning the full-scale blade with a 
box spa. Optimal location for detecting the occurrence of damage with static loading was investigated and 
sensitivity of the PVDF sensors location to the damage was examined. With increasing the applied load, 
several pop-ins happened up to final failure. The damage was generated near the joint between the shear 
web and spar cap of the blade. The magnitude of the outputs of the PVDF film sensors under quasi-static 
loads was relatively insignificant and spike-like peaks were generated corresponding to pop-ins. The 
PVDF film sensors mounted on the trailing edge component could give an early response remarkably to 
the damage occurrence irrespective to the closing and opening loads. Further, it can be recommended that 
the relatively good location of the PVDF sensor to detect the damage in the trailing edge component be 
the locations free to the geometrical constraint, like the center of spar web and the blade skin remote from 
the joint between the spa cap and the shear web. 
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